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ABSTRACT 


Projected  Federal  Aviation  Administration  (FAA)  costs  are  allocated 
to  users  of  the  air  traffic  control  system  as  part  of  the  study  on 
Airport  and  Airway  Costs  and  User  Cost  Responsibility  during  the 
period  FY77-FY86.  A  review  of  the  economic  theory  of  cost  allocation 
is  conducted  including  the  procedures  explored  in  a  previous  1973 
Cost  Allocation  Study.  A  modified  version  of  the  long-run  marginal 
cost  approach  is  selected  as  the  preferred  methodology.  This  method 
is  combined  with  engineering  techniques  to  develop  a  set  of  allocation 
procedures  for  each  of  the  FAA  budget  categories.  The  cost  responsi¬ 
bility  of  air  carrier,  general  aviation  and  military  (including 
government)  user  groups  are  then  determined  by  applying  the  procedures 
to  two  different  sets  of  cost  projections;  (1)  a  baseline  set  assuming 
continuation  of  historical  relationships  between  FAA  expenditures  and 
user  activity  and  (2)  an  alternative  set  assuming  introduction  of 
planned  air  traffic  control  enhancements. 
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SUMMARY 


This  report  forms  one  part  of  an  airport  and  airway  cost  allocation 
study  being  conducted  by  MITRE  METREK  for  the  FAA  Office  of  Aviation 
Policy.  In  this  report,  cost  allocation  theory  and  methods  are 
reviewed,  and  a  preferred  method  is  selected  and  applied  to  air¬ 
port  and  airway  data  to  yield  user  cost  allocations. 

Evaluation  criteria,  types  of  costs  and  their  treatment,  and  theory 
relevant  to  peak  capacity  costs  are  discussed.  These  general 
principles  are  then  applied  to  a  wide  range  of  cost  allocation 
methods  which  are  classified  as  being  cost-based,  value-of-service 
oriented,  and  combination  in  nature.  Using  the  criteria  of  eco¬ 
nomic  efficiency,  equity,  ability  to  pay,  minimization  of  funding 
deficits,  and  practicality,  modified  long-run  marginal  cost  is 
selected  as  the  preferred  cost  allocation  method.  This  method 
initially  allocates  long-run  marginal  costs  to  each  user  group 
and  then  allocates  any  residual  costs  in  inverse  proportion  to 
users'  price  elasticities  of  demand.  Some  costs,  notably  F&E 
and  R&D,  cannot  be  causally  related  to  users'  activity  measures. 

It  is  recommended  that  these  cost  elements  be  assigned  through 
engineering  assessments  based  primarily  on  values  derived  by  users 
and  on  relationships  between  user  requirements  and  costs. 

The  percent  distribution  of  Federal  Aviation  Administration  (FAA) 
costs  allocated  to  users  of  the  Airport  and  Airway  System  fluc¬ 
tuates  very  little  throughout  the  period  FY77  to  FY86: 


Public  Interest  :  16-17% 

Air  Carriers  :  48-50% 

General  Aviation  :  24-27% 

Military  and  :  8-10% 

Government 


Furthermore,  this  distribution  remains  relatively  constant  irre¬ 
spective  of  whether  projected  baseline  (i.e.,  continuation  of 
historical  relationships  between  FAA  expenditures  and  user  activity 
levels)  or  whether  alternative  (i.e.,  introduction  of  planned 
Upgraded  Third  Generation  Air  Traffic  Control  enhancements)  cost 
scenarios  are  used. 
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INTRODUCTION 


Allocations  of  projected  Federal  Aviation  Administration  (FAA) 
costs  to  users  of  the  Airport  and  Airway  System  during  the 
period  FY77  through  FY86  are  presented  in  this  report.  The 
allocations  are  the  culmination  of  a  cost  allocation  study  being 
performed  by  The  MITRE  Corporation  for  the  FAA  Office  of  Avia¬ 
tion  Policy. 

To  gain  a  better  perspective  of  cost  allocation,  both  economic 
theory  and  procedures  used  by  the  1973  Cost  Allocation  Study 
(Reference  2)  are  first  examined.  A  preferred  methodology  is 
then  adopted  and  detailed  allocation  procedures  are  developed 
for  each  of  the  major  FAA  budget  categories. 

Costs  of  serving  the  public  interest,  air  carriers,  general 
aviation  and  military  &  government  aviation  are  determined  by 
applying  the  allocation  procedures  to  two  sets  of  cost  projec¬ 
tions  developed  in  an  earlier  phase  of  this  project  (Reference 
10);  (1)  a  baseline  set  of  cost  projections  assuming  continua¬ 
tion  of  historical  relationships  between  Airport  and  Airway 
expenditures  and  user  activity  levels  and  (2)  an  alternative 
set  of  cost  projections  assuming  the  introduction  of  capital 
intensive  programs  associated  with  the  Upgraded  Third  Generation 
Air  Traffic  Control  System. 
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COST  ALLOCATION  THEORY  AND  METHODS 


This  chapter  summarizes  fundamental  principles  and  issues  of 
economic  theory  related  to  airport  and  airway  cost  allocation. 
Alternative  cost  allocation  methods  are  explored.*  These  alter¬ 
native  methods  are  based  on  cost  factors,  value  of  service  factors, 
or  a  combination  of  the  two.  A  preferred  cost  allocation  method 
is  selected  based  on  evaluation  criteria  described  in  Section  2.1.1 

In  general,  implementation  of  any  method  involves  certain  common 
computational  steps:  1)  assign  clearly-allocable  costs,  2)  allo¬ 
cate  other  costs  according  to  a  basic  cost  allocation  method, 
and  3)  if  necessary,  devise  procedures  for  allocating  residual 
costs  not  covered  by  the  first  two  steps. 

2.1  General  Principles 

This  section  summarizes  generally  accepted  economic  theory  rele¬ 
vant  to  this  study.  Evaluation  criteria,  general  cost  taxonomy 
and  treatment,  and  methods  of  dealing  with  peak  capacity  costs 
are  covered. 

2.1.1  Evaluation  Criteria 

Multiple  and  sometimes  conflicting  evaluation  criteria  exist. 

The  ones  considered  in  selecting  a  preferred  cost  allocation 
method  include:  economic  efficiency,  equity,  ability  to  pay, 
and  minimizing  or  reducing  funding  deficits.  The  selection  is 
also  constrained  by  desirability  to  minimize  administrative 
burdens,  i.e.,  consideration  of  the  practical  problems  of  imple¬ 
mentation. 

A  fundamental  economic  criterion  for  selecting  a  preferred  cost 
allocation  method  is  maximization  of  society's  welfare  and  col- 
tive  satisfactions,  i.e.,  sum  of  consumer  and  producer  surplus.* 
criterion  can  be  met,  in  large  part,  through  efficiency  in 
allocation  and  use  of  resources. 

A  second  evaluation  criterion  is  equity  or  fairness.  This  is  a 
subjective  criterion,  and  alternative  concepts  exist.  These 
concepts  involve  equal  treatment  of  all  parties  or  identification 
of  some  favored  and  disfavored  groups  who  are  charged  different 

Most  of  the  methods  examined  in  this  report  were  also  evaluated 
in  the  1973  .Airport  and  Airway  Cost  Allocation  Study. 

**  Interpersonal  comparisons,  which  may  distort  this  criterion, 
are  adequately  dealt  with  in  other  criteria. 


TABLE  3-1 


CATEGORIES  OF  FAA  EXPENDITURES* 


RESEARCH  AND  DEVELOPMENT 


FACILITIES  AND  ENGINEERING 


EN  ROUTE  CONTROL  CENTERS 
TERMINAL  CONTROL  CENTERS 
FLIGHT  SERVICE  STATIONS 
NAVIGATION  SYSTEMS 
OTHER  F&E 


OPERATIONS 

EN  ROUTE  CONTROL  CENTERS 
TERMINAL  CONTROL  CENTERS 
FLIGHT  SERVICE  STATIONS 
OTHER  FACILITIES 


MAINTENANCE 

EN  ROUTE  CONTROL  CENTERS 
TERMINAL  CONTROL  CENTERS 
OTHER  FACILITIES 


SUPPORT 

INSTALLATION  AND  MATERIAL  SERVICES 

ADMINISTRATION  OF  FLIGHT  STANDARDS  PROGRAMS 

ADMINISTRATION  OF  MEDICAL  PROGRAMS 

DEVELOPMENT  DIRECTION 

ADMINISTRATION  OF  AIRPORTS 

CENTRALIZED  TRAINING 

DIRECTION,  STAFF  AND  SUPPORT 


FACILITIES,  ENGINEERING  AND  DEVELOPMENT 


NATIONAL  CAPITAL  AIRPORTS 


GRANTS- IN-AID 


•Costs  of  conmuni cat  ions  &  surveillance  equipment  are  included  in  the 
costs  of  the  associated  ATC  facility.  Communications  lease  line  costs 
are  a  part  of  the  I&M  category. 
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DEVELOPMENT  OF  THE  COST  ALLOCATION  METHOD 


The  complexity  of  the  FAA  cost  base  (Reference  10)  requires  a 
hybrid  of  the  allocation  methods  surveyed  in  Section  2.  In 
keeping  with  the  conclusions  of  the  survey,  modified  long-run 
marginal  cost  techniques  are  applied  whenever  causal  relation¬ 
ships  between  costs  and  user  activities  can  be  defined  and  sta¬ 
tistically  supported.  Substitute  allocation  procedures  (includ¬ 
ing  those  described  as  "engineering  models")  are  developed  for 
cost  elements  for  which  historical  user  cost  responsibilities 
are  expected  to  change  in  the  future.  Table  3-1  lists  the 
categories  of  expenditures  in  the  FAA  cost  base.  Figure  3-1 
presents  an  overall  view  of  the  cost  allocation  process  examined 
in  the  following  subsections. 

3.1  Public  Interest  Costs 


Portions  of  Airport  and  Airway  System  costs  are  incurred  in  pub¬ 
lic  interest.  They  include  small  community  service  subsidies, 
support  of  military  requirements  of  the  ATC  system  elements,  non¬ 
aviation  use  of  weather  services,  and  services  provided  in  regu¬ 
latory  safety,  medicine,  and  environmental  programs.  The  identi¬ 
fication  and  treatment  of  these  costs  are  examined  in  Reference 
11  and  summarized  in  Table  3-2.  Public  interest  costs  in  the 
context  of  this  study  are  fully  separable  and  are  allocated  in 
total  to  the  public  sector. 

3.2  R&D  and  F&E  Costs 


Future  improvements  to  the  existing  Airport  and  Airway  System 
stress  increases  in  safety,  productivity  and  capacity  (Reference 
14).  These  objectives  tend  to  shift  a  greater  share  of  capital 
(R&D  and  F&E)  expenditures  to  air  carrier  programs  irrespective 
of  projected  activity  levels.  For  this  reason,  there  is  no  basis 
to  conclude  that  historical  relationships  between  capital  spend¬ 
ing  and  user  demand  will  necessarily  extend  into  the  future. 
Long-run  marginal  cost  equations  cannot,  therefore,  be  deter¬ 
mined  by  analysis  of  historical  data. 

The  "engineering"  approach  developed  in  lieu  of  long-run  marginal 
cost  methods  assesses  the  relative  value  of  R&D  and  F&E  expendi¬ 
tures  to  the  users.  This  approach  subjectively  estimates  the 
relative  value  of  providing  component  air  traffic  control  services 
to  each  of  the  user  groups  based  on  several  factors  including 
(1)  user  requirements,  (2)  user  benefits,  (3)  user  elasticities 
of  demand,  (4.)  the  purpose  of  FAA  programs  and  services  and 
(5)  historical  and  expected  future  usage  of  air  traffic  control 
services.  Once  the  relative  value  to  each  user  is  determined, 
costs  are  then  allocated  proportionately. 


for  allocating  residual  costs  employed  in  the  basic  LRMC  method 
is  simply  an  analytic  expediency.  A  priori,  there  is  no  reason 
to  expect  that  remaining  costs  should  be  allocated  as  earlier- 
assigned  costs  no  matter  what  causal  foundations  might  be  hypo¬ 
thesized — either  marginal  opportunity  costs,  benefits,  or  any 
other  methods.  Only  in  the  special  case  where  all  users  have 
equal  desires  and  needs  (i.e.,  elasticities  of  demand)  should  this 
be  so.  Thus,  it  appears  that  the  basic  LRMC  method  has  a  signi¬ 
ficant  theoretical  weakness. 

Considering  all  factors,  the  modified  LRMC  method  is  recommended 
due  primarily  to  its  strong  theoretical  underpinnings  and  its  lack 
of  significant  theoretical  or  practical  shortcomings  relative  to 
other  methods.  Baumol  and  Bradford  show  that  this  method  is 
generally  optimal  if  complete  cost  recovery  is  to  be  accomplished 
(Reference  4).  While  the  cost  allocation  study  described  in  this 
paper  reached  this  conclusion  by  comparing  modified  LRMC  with 
other  methods,  Baumol  and  Bradford  prove  the  case  more  strongly 
by  showing  general  superiority  without  the  need  to  reference  other 
techniques.  In  summary,  modified  LRMC  represents  an  excellent 
tradeoff  among  theoretical  and  practical  factors. 

Some  airport  and  airway  cost  elements  cannot  be  causally  related 
to  system  activity  measures.  Many  R&D  and  F&E  costs  fall  into 
this  category.  These  cost  elements  have  been  accrued  over  many 
years  in  a  manner  that  is  likely  to  bear  little  if  any  relation¬ 
ship  to  present  or  forecast  measures  of  user  activity.  In  such 
cases,  it  is  recommended  that  engineering  assessments  be  substi¬ 
tuted  for  econometric  estimates  of  marginal  costs.  These  engi¬ 
neering  estimates  can  include  factors  related  to  benefits,  value 
of  service,  physical  relationships  between  requirements/purposes 
and  costs,  and  historical/future  usage  rates. 

No  matter  what  cost  allocation  method  is  selected,  a  distinct  pos¬ 
sibility  exists  that  some  present  users  may  be  forced  to  curtail 
usage.  While  this  result  may  be  economically  appropriate,  other 
considerations  also  apply  to  this  problem.  Therefore,  it  is  recom¬ 
mended  that  any  changeover  to  modified  LRMC  be  made  gradually  to 
afford  a  transition  period  to  those  who  have  been  operating  under 
an  earlier  set  of  rules.  There  is  also  a  need  to  proceed  with 
caution  due  to  imperfect  knowledge  of  demand  elasticities,  inability 
to  implement  perfect  price  discrimination,  and  other  market  imper¬ 
fections. 
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PRIMARY  ADVANTAGES  AND  DISADVANTAGES  OF 
CANDIDATE  COST  ALLOCATION  METHODS 
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selection  process  that  follows  is  based  on  the  four  criteria  dis¬ 
cussed  in  Section  2.1.1  (economic  efficiency,  equity,  ability 
to  pay,  and  completeness  of  cost  recovery)  as  well  as  on  practical 
considerations.  However,  the  complete  cost  recovery  criterion 
happens  not  to  be  a  differentiating  factor  as  all  three  methods 
satisfy  this  criterion  equally  well.  The  advantages  and  dis¬ 
advantages  of  each  method  are  summarized  in  Table  2-1. 

The  LRMC  method  provides  good  cost-relatedness  which  results  in 
good  economic  efficiency.  It  also  provides  for  consistent  and 
equitable  treatment  of  users.  The  primary  disadvantage  of  this 
method  is  its  potentially  poor  satisfaction  of  the  ability  to 
pay  criterion.  This  problem  occurs  because  this  method  does  not 
consider  demand  characteristics. 

The  user  benefits/value  of  service  method  provides  excellent  sat¬ 
isfaction  of  the  ability  to  pay  criterion.  This  advantage  is 
inherent  in  the  design  of  the  method.  The  user  benefits/value 
of  service  method  has  several  significant  problems.  It  is  highly 
discriminatory,  as  different  users  are  assigned  different  costs 
for  essentially  similar  service.  Due  to  lack  of  cost-relatedness, 
use  of  this  method  would  result  in  economic  inefficiency.  Finally, 
highly  subjective  and  possibly  inaccurate  assessments  must  be 
made  when  estimating  user  benefits  ar.d  value  of  service  proportions 
which  are  basic  components  of  this  method 

The  modified  LRMC  method  provides  very  good  cost-relatedness  which 
results  in  very  good  economic  efficiency.  It  is  an  equitable 
method  that  relates  users’  cost  allocations  to  marginal  costs  for 
some  portion  of  variable  costs  and  to  price  discrimination  for 
remaining  amounts.  While  some  current  users  may  be  unable  or  un¬ 
willing  to  maintain  their  airport  and  airway  activities  at  present 
levels  due  to  financial  reasons,  this  method's  consideration  of 
demand  factors  reduces  the  problem  compared  to  the  basic  LRMC 
method.  The  problem  associated  with  the  modified  LRMC  method  is 
the  imprecision  that  exists  In  calculating  users'  price  elasticities 
of  demand.  However,  a  good  measure  of  the  relative  price  elastic¬ 
ity  of  demand  of  various  users  is  the  only  requirement  of  using 
this  method. 

The  user  benef its/value  of  service  method  fails  to  relate  cost 
responsibility  to  cost  incurrence,  thereby  virtually  ignoring 
economic  efficiency  criteria.  In  addition,  this  method  poses 
substantial  implementation  problems  associated  with  quantification 
of  benefits  and  value  of  service.  This  method  does  not  have 
countervailing  advantages  that  are  sufficient  to  allow  its  selec¬ 
tion  as  the  recommended  method. 

The  two  remaining  methods,  LRMC  and  modified  LRMC,  differ  only 
in  the  manner  in  which  they  allocate  residual  costs.  The  technique 
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2.4.1  Description  of  Methods 


The  two  combination  methods  considered  in  this  study  are  separable 
costs/remaining  benefits  and  modified  long-run  marginal  cost. 
Initially,  in  the  separable  costs/remaining  benefits  method,  avoid¬ 
able  costs  are  assigned  to  each  user  group.  Separate  systems  or 
facilities  costs  are  then  compared  to  total  airport/airvay  benefits 
for  each  group.  Usually,  benefits  will  exceed  separate  systems 
costs,  but  not  necessarily  so  because  of  economies  of  scale.  Re¬ 
maining  benefits  are  defined  by  subtracting  avoidable  costs  from 
the  lesser  of  benefits  or  separate  facilities  costs.  Finally, 
costs  remaining  after  avoidable  costs  have  been  assigned  are  allo¬ 
cated  to  user  groups  in  proportion  to  their  respective  remaining 
benefits. 

The  modified  LRMC  method  differs  from  the  basic  LRMC  method  in 
the  way  that  residual  costs  remaining  after  initial  assignment  of 
LRMC  are  allocated  among  users.  In  modified  LRMC,  the  deficit  is 
allocated  by  applying  a  surcharge  to  the  product  of  LRMC  times 
quantity  of  system  usage  for  each  user  group.  The  percentage 
deviation  from  this  LRMC  product  due  to  this  surcharge  varies  in 
inverse  proportion  to  the  price  elasticity  of  demand  of  each 
group.  Thus,  the  least  elastic  users — perhaps  best  termed  core 
users — pay  the  greatest  percentage  surcharge. 

2.4.2  Comparison  and  Evaluation 

In  this  section,  combination  cost  allocation  methods  are  compared, 
and  a  preferred  method  is  selected  based  on  the  evaluation  criteria 
of  Section  2.1.1.  The  two  methods  being  compared  are:  separable 
costs/remaining  benefits  and  modified  long-run  marginal  cost. 

The  separable  costs/remaining  benefits  method  is  similar  to  mar¬ 
ginal/incremental  methods  with  benefits  providing  a  usually  non¬ 
constraining  bound.  Weighing  against  this  advantage  is  the  sub¬ 
stantial  disadvantage  of  complication  and  additional  imprecision 
associated  with  quantification.  As  modified  LRMC  also  incorporates 
benefit  factors — although  less  directly  than  separable  costs/ 
remaining  benefits — and  since  modified  LRMC  is  not  associated  with 
significant  amounts  of  additional  complication  and  imprecision, 
the  modified  LRMC  method  is  selected  as  the  preferred  combination 
method. 

2.5  Evaluation  and  Selection  of  Recommended  Cost  Allocation  Method 


The  best  methods  from  each  of  the  three  generic  cost  allocation 
methods  (cost-based,  value  of  service,  combination)  are  evaluated 
in  this  section.  The  candidate  methods  are:  LRMC,  user  bene¬ 
fit/value  of  service,  and  modified  LRMC.  The  evaluation  and 
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the  period  being  examined;  2)  allocate  the  incremental  part  accord¬ 
ing  to  users’  proportional  shares  of  benefits;  and  3)  allocate  the 
non- incremental  part  according  to  the  ratio  of  users'  value  of 
service  proportions.*  This  method  is  generally  reflective  of  users' 
ability  to  pay. 

A  final  value  of  service  consideration,  although  not  explicitly  a 
value  of  service  method,  involves  an  aspect  of  the  separate  facili¬ 
ties  method  described  in  Section  2.2.1.  The  cost  of  providing  a 
separate  minimum  requirements  system  for  general  aviation,  which 
is  the  least  sophisticated  user  in  terms  of  technical  needs,  can 
be  used  as  a  lower  bound  for  cost  allocation  to  general  aviation 
users  in  the  present  system.  This  matter  is  addressed  more  fully 
in  another  report  of  this  cost  allocation  study  (Reference  18). 

2.3.2  Comparison  and  Evaluation 

In  this  section,  value  of  service  methods  are  compared,  and  a  pre¬ 
ferred  method  is  selected  based  on  the  evaluation  criteria  of 
Section  2.1.1.  The  three  methods  being  compared  are:  price  dis¬ 
crimination,  average  benefits,  and  user  benefits/value  of  service. 

Of  the  three  value  of  service  methods,  the  average  benefits  method 
is  the  least  suitable  because  value  of  service  is  related  to  price 
elasticity  of  demand  which  is  more  directly  a  function  of  marginal 
benefits  than  of  average  benefits.  There  is  no  clear-cut  advan¬ 
tage  of  either  the  user  benefits /value  of  service  method  or  the 
price  discrimination  method.  Nevertheless,  the  user  benefits /value 
of  service  method  is  selected  as  the  preferred  value  of  service 
method  for  two  reasons.  The  first  reason  is  based  on  the  equity 
and  efficiency  problems  posed  by  the  price  discrimination  method 
which  mimics  the  possibly  undesirable  actions  of  a  profit-maximizing 
discriminating  monopolist.  Secondly,  the  best  features  of  the 
price  discrimination  method  are  contained  in  the  combined  methods 
which  are  discussed  in  Section  2. A. 

2. A  Combination  Cost  Allocation  Methods 

The  combination  methods  offer  the  advantage  of  considering  both 
supply  and  demand  factors.  These  methods  perform  initial  alloca¬ 
tions  of  variable  costs  based  on  marginal /incremental  methods  and 
then  allocate  any  remaining  costs  based  on  value  of  service  methods. 


The  value  of  service  proportions  are  assumed  to  be  linearly 
related  to  users’  total  expenditures  in  the  airport  and  airway 
environment . 


2.3.1  Description  of  Methods 


The  primary  value  of  service  methods  considered  in  this  cost  alloca¬ 
tion  study  Include:  price  discrimination,  average  benefits,  and 
user  benefits/value  of  service. 

The  price  discrimination  method  allocates  costs  based  on  users' 
propensity  and  ability  to  pay.  This  method  simulates  the  actions 
of  a  prof it -maximizing  discriminating  monopolist,  except  that  the 
method  is  constrained  to  recover  no  more  than  total  costs.  This 
process  is  similar  to  charging  what  the  market  will  bear.  It 
basically  involves  charging  those  with  the  least  elastic  demand 
more  and  those  with  the  most  elastic  demand  less.  The  three  ver¬ 
sions  of  price  discrimination,  which  are  dealt  with  in  many  eco¬ 
nomics  texts,  are  based  on:  1)  dividing  users  into  favored  and 
disfavored  groups  based  on  each  group's  price  elasticity  of  demand, 
2)  charging  users  according  to  general  amount  of  use  categories, 
and  3)  charging  users  based  on  the  value  of  each  additional  unit 
of  consumption  to  each  user  group.  While  price  discrimination  has 
a  bad  connotation,  it  is  quite  acceptable  under  certain  circum¬ 
stances.* 

The  average  benefits  method  allocates  costs  in  proportion  to  the 
product  of  users'  average  benefits  times  their  respective  facili¬ 
ties  usage  rates.  Average  benefits  can  be  calculated  using  econ- 
ometrically  derived  values  of  price  elasticity  of  demand  or  on 
opportunity  costs  associated  with  hypothesized  avoidance  of  airport 
and  airway  system  usage. 

The  user  benefits/value  of  service  method  attempts  to  distribute 
the  costs  of  joint  and  common  use  facilities  proportionally  to  the 
utility  received  by  users'  participating  in  airport  and  airway 
activities.  After  assigning  clear ly-allocable  costs,  the  user 
benefits/value  of  service  method  consists  of  three  basic  steps: 

1)  partition  the  remaining  cost  base  into  incremental  and  non- 
lncremental  portions  relative  to  costs  incurred  at  the  start  of 


Price  discrimination  is  acceptable  except  when  certain  conditions 
are  violated.  Discrimination  based  on  personal,  locational,  or 
other  factors  prohibited  under  law  is  unacceptable.  Price  dis¬ 
crimination  is  also  unacceptable  if  it  results  in  any  user  paying 
less  than  marginal  costs  minus  economically  justified  external 
subsidy.  A  final  limitation  is  that  no  group  should  pay  more  than 
the  cost  of  being  served  alone  in  a  dedicated  system  at  the  same 
level  of  service  being  provided  in  the  common  system. 
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2.2.3  Comparison  and  Evaluation 

In  this  section,  cost-based  allocation  methods  are  compared  and  a 
preferred  method  is  selected  by  applying  the  evaluation  criteria 
of  Section  2.1.1.  In  general,  marginal/ incremental  cost  methods 
are  preferred  to  average  cost  methods.  The  main  reason,  which  is 
discussed  in  detail  in  Appendix  A,  is  that  when  the  average  cost 
method  is  used  and  average  cost  exceeds  marginal  cost — this  is 
the  usual  case  for  the  airport  and  airway  system — some  activities, 
which  would  be  undertaken  when  priced  at  marginal  costs  and  which 
would  have  net  positive  benefits,  would  be  suppressed.  Under  usual 
circumstances,  cost  allocation  based  on  marginal  cost  will  more 
closely  approach  the  theoretical  efficiency  of  a  competitive  mar¬ 
ketplace  than  will  cost  allocation  based  on  average  cost.  Further¬ 
more,  use  of  marginal /incremental  cost  methods  ensures  that  cross¬ 
subsidy  and  other  undesirable  and  inequitable  conditions  will  not 
exist. 

Thus,  the  choice  of  a  preferred  cost-based  method  is  limited  to 
marginal/incremental  methods.  SRMC  can  be  eliminated  from  con¬ 
sideration  because  of  its  substantial  practical  problems  which 
include:  high  administrative  costs,  instability,  and  measurement 

difficulties.  The  separate  facilities  method  is  eliminated  for 
similar  reasons,  as  much  uncertainty  is  associated  with  the  deter¬ 
mination  of  configurations  and  costs  of  separate  systems.*  Of  the 
remaining  methods,  long-run  cost  responsibility  uses  measures  that 
are  significantly  more  weakly  related  to  costs  than  are  the  measures 
used  in  the  other  methods.  The  final  choice  then  reduces  to  the 
similar  LRMC  and  LRIC  methods.  These  methods  differ  only  in  that 
LRIC  allocates  any  residual  costs  remaining  after  basic  costs  are 
assigned  in  proportion  to  facilities  usage  rates  rather  than  in 
proportion  to  marginal  costs.  This  former  residual-allocation 
technique  is  less  cost-related  than  the  latter.  Thus,  LRMC  best 
satisfies  the  evaluation  criteria  and  is  recommended  as  the  pre¬ 
ferred  cost-based  method. 

2.3  Value  of  Service  Allocation  Methods 


After  assigning  clear ly-allocable  costs,  value  of  service  methods 
allocate  remaining  costs  as  a  function  of  users'  respective  values 
of  service  associated  with  airport  and  airway  activities.  These 
methods  are  based  primarily  on  demand  factors  to  the  exclusion  of 
supply  factors. 


However,  useful  value  of  service  concepts,  which  are  discussed 
later,  are  related  to  this  method. 


The  separate  facilities  cost  method  examines  the  fundamental  re¬ 
quirements  of  users  as  a  basis  for  allocating  c-osts  of  a  common 
system.  The  costs  of  creating  completely  separate  and  dedicated 
systems  are  estimated  for  each  of  three  user  classes:  general 
aviation,  military,  and  air  carrier.  Common  and  joint  costs  are 
then  allocated  in  proportion  to  these  separate  facilities  costs. 

The  long-run  cost  responsibility  method  avoids  activity  levels 
and  benefits  almost  entirely  in  allocating  costs  among  users.  In 
this  method,  costs  are  allocated  on  the  basis  of  the  technical 
requirements  of  each  user.  This  is  accomplished  by  assigning 
incremental  costs  to  homogeneous  aircraft  classes,  and  allocating 
costs  to  user  groups  based  on  the  number  and  type  of  aircraft  in 
their  fleets.  Non- incremental  costs  are  spread  among  all  aircraft 
classes. 

2.2.2  Average  Cost  Methods 

Average  cost  methods  distribute  total  costs  to  users  in  proportion 
to  their  respective  average  costs  per  unit  of  use  and  the  amount  of 
usage  generated  by  each  group.  When  using  average  costs  for  the 
airport  and  airway  system,  a  choice  exists  for  defining  output  units 
either  simple  number  of  operations  or  some  weighted  function  indica¬ 
tive  of  the  resouce  requirements  for  each  type  of  operation. 

The  average  cost  method  using  simple  number  of  operations  is  termed 
units  of  use.  This  method  implicitly  assumes  that  cost  per  unit  of 
use  is  constant  across  all  user  categories.  For  example,  it  assumes 
that,  for  a  particular  type  of  operation,  a  general  aviation  user 
imposes  the  same  costs  on  a  given  facility  as  an  air  carrier  user 
does.  The  units  of  use  method  is  implemented  by  allocating  costs 
as  a  percentage  of  total  system  units  of  use  consumed  by  each  user 
group. 

The  method  using  weighted  output  measures  is  termed  measures  of  use. 
This  method  relaxes  the  restrictive  assumptions  of  units  of  use  by 
developing  weighting  (or  efficiency)  coefficients  that  reflect  the 
extent  to  which  different  types  of  activities  impose  different  cost 
burdens  on  the  system.  For  most  effective  use,  these  factors  should 
be  developed  for  all  significant  activity  types  and  not  for  just  a 
few  key  areas.  Weighting  factors  can  be  developed  through  judg¬ 
mental  techniques  or  through  regression  analysis.  Once  output 
weighting  coefficients  have  been  developed,  this  method  is  applied 
in  a  manner  analogous  to  units  of  use. 


2.2  Cost-Based  Allocation  Methods 


Cost-based  allocation  methods  distribute  total  costs  as  a  function 
of  costs  imposed  by  users  on  the  system.  The  two  categories  of 
cost-based  allocation  techniques  are  marginal/incremental  cost 
methods  and  average  cost  methods. 

2.2.1  Marginal /Incremental  Cost  Methods 

Marginal/incremental  cost  techniques  refer  to  allocations  based 
on  the  additional  costs  imposed  on  the  system  by  some  amount  of 
additional  use.  Marginal  costs  are  costs  Incurred  by  increasing 
output  by  exactly  one  unit,  which  is  as  close  to  an  infinitesimally 
small  change  as  is  possible.  Incremental  costs  are  costs  incurred 
by  increasing  output  by  some  specified  quantity.  In  mathematical 
terms,  marginal  cost  refers  to  derivatives  and  incremental 

cost  refers  to  variations /-4X-).  Both  econometric  and  engineering 
relationships  can  be  developed ^to  describe  marginal/incremental 
cost  relationships.  Variants  of  marginal/ incremental  cost  alloca¬ 
tion  methods  include:  short-run  marginal  cost  (SRMC) ,  long-run 
marginal  cost  (LRMC) ,  long-run  incremental  cost  (LRIC) ,  separate 
facilities  cost,  and  long-run  cost  responsibility .- 

The  short-run  marginal  cost  method  allocates  costs  to  users  in 
proportion  to  the  product  of  their  respective  short-run  marginal 
costs  times  their  activity  quantities.  These  marginal  costs  are 
defined  as  short-run  changes  in  the  variable  costs  associated  with 
serving  one  more  user  with  the  existing  system.  This  method  does 
not  consider  sunk  costs  (and  associated  depreciation)  or  current 
facilities  and  equipment  (F&E)  investment  costs.  However,  it  does 
consider  change  in  value  of  capital  equipment  associated  with 
additional  use. 

The  long-run  marginal  cost  method  is  similar  to  the  SRMC  method. 

The  primary  difference  is  that  LRMC  is  estimated  based  on  a  longer 
time  period.  Hence,  more  cost  elements  are  considered  variable 
in  the  LRMC  method.  As  is  the  case  for  SRMC,  the  marginal  cost 
attributable  to  each  type  of  use  is  calculated,  and  each  group  is 
assessed  charges  that  are  equal  to  the  unit  marginal  costs  multi¬ 
plied  by  the  total  units  of  each  type  consumed  by  the  users  in 
the  group.  As  applied  here  and  in  the  1973  Cost  Allocation  Study, 
any  funding  deficit  is  assigned  to  users  in  the  form  of  surcharges 
proportional  to  LRMC. 

The  long-run  incremental  cost  method  is  similar  to  the  LRMC  method. 


MARGINAL  COST 


FIGURE  2-1 

DEFICIT  ASSOCIATED  WITH  MARGINAL  COST  PRICING 


Common  costs  are  associated  with  output  elements  that  are  produced 
together.  These  elements  or  products  may  be  either  goods  or  ser¬ 
vices.  The  key  factor  is  that  common  costs  are  associated  with 
output  elements  that  can  be  produced  in  variable  proportions,  i.e.f 
the  balance  of  the  product  mix  can  be  changed.*  Common  costs 
should  be  allocated  in  proportion  to  users'  respective  marginal 
costs . 

Joint  costs,  like  common  costs,  are  associated  with  output  elements 
that  are  produced  together.  Unlike  the  case  for  common  costs, 
joint  elements  must  be  produced  in  effectively  fixed  and  unchange¬ 
able  proportions.**  For  the  purposes  of  cost  allocation,  jointness 
refers  not  only  to  physical  fixity  of  product  mix,  but  also  to 
fixity  arising  from  economic  considerations.  Joint  costs  should 
be  allocated  as  an  inverse  function  of  demand  intensity  or  elas¬ 
ticity  of  demand.  In  allocating  joint  costs  according  to  demand 
or  value  of  service  characteristics,  marginal  opportunity  costs 
are  implicitly  defined.  In  this  way,  common  and  joint  costs  can 
be  considered  consistently. 

If  these  pricing  prescriptions  are  followed,  a  deficit  will  usually 
result  when  operating  in  a  region  of  economies  of  scale.  As  illus¬ 
trated  in  Figure  2-1,  marginal  costs  will  be  less  than  average 
costs  under  these  conditions.  The  resulting  deficit  can  be  covered 
either  through  subsidy  or  through  price  discrimination.  The  appli¬ 
cation  of  price  discrimination  is  approximately  equivalent  to 
recognizing  that  this  residual  acts  like  a  jointly  produced  set 
of  outputs.  The  proper  limits  on  this  form  of  price  discrimina¬ 
tion  are  discussed  later  in  this  report. 

2.1.3  Peak  Capacity  Costs 

The  time-of-dav  distribution  of  demand  for  services  is  a  factor  that 
is  relevant  to  nearly  all  cost  allocation  methods.  Cost,  and  prob¬ 
ably  value  of  service,  of  operating  in  peak  periods  is  greater 
than  in  off-peak  periods.  This  increased  cost  arises  from  the  need 
to  invest  in  additional  facilities  and  staff  for  serving  the  peaks. 
Thus,  user  temporal  patterns  with  regard  to  peaking  is  a  poten¬ 
tially  important  disaggregating  factor.  Equity  and  economic  ef¬ 
ficiency  are  usually  enhanced  when  peak  charges  are  set  higher  than 
off-peak  charges.  This  matter  is  investigated  more  fully  for  pos¬ 
sible  use  in  this  cost  allocation  study  in  Appendix  B. 


Controller  staffing  costs  tend  to  be  common  costs  since  they 
vary  as  a  function  of  number  and  mix  of  IFR  and  VFR  operations. 

**  Examples  of  joint  costs  from  air  transportation  occur  where  a 
portion  of  the  infrastructure  which  is  required  to  serve  one 
class  of  user  also  serves  the  needs  of  other  classes  of  users. 

In  this  situation,  even  if  the  latter  classes  ceased  operations, 
the  entire  joint  portion  of  the  infrastructure  would  remain  to 
serve  the  first  class  of  users. 
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prices.  Definition  of  these  groups' is  usually  based  on  factors 
such  as  ability  or  income/wealth  class.  In  a. basically  competitive 
marketplace,  or  one  that  mimics  such,  economic  efficiency  or  some 
form  of  equity  will  be  approached. 

A  third  criterion  is  ability  to  pay.  In  an  economically  optimal 
cost  allocation  system  some  current  users  may  be  hard  pressed  or 
unable  to  pay  their  share.  This  usually  indicates  that  these 
users  should  be  making  less  intensive  (or  no)  use  of  some  resources. 
Only  in  cases  where  external  benefits  accrue  or  where  certain  users 
are  deemed  deserving  of  special  privileges  and  treatment — for 
instance,  to  counteract  some  other  imbalance  or  simply  because 
society,  for  some  reason,  has  decided  to  favor  them — should  ability 
to  pay  be  allowed  to  distort  the  eventual  allocation  of  costs. 

A  final  criterion  is  minimization  of  deficit  or  completeness  of  cost 
recovery.  This  criterion  is  dealt  with  in  this  study  by  structuring 
each  alternative  method  to  provide  for  full  cost  recovery  except 
co  the  extent  that  justified  subsidy  exists  (Reference  11). 

In  summary,  ability  to  pay, as  well  as  some  aspects  of  equity,  may 
be  in  conflict  with  economic  efficiency.  Areas  of  conflict  among 
these  criteria  are  usually  related  to  income  or  wealth  distribution. 
In  general,  for  the  aviation  context,  these  problems  are  most  appro¬ 
priately  and  effectively  resolved  by  means  other  than  alterations 
in  airport  and  airway  cost  allocation  formulae.*  Thus,  the  primary 
direction  of  this  evaluation  is  based  on  economically  efficient 
cost  allocation  constrained  by  full  cost  recovery  to  the  extent 
possible,  and  tempered  by  other  criteria  where  necessary. 

2.1.2  Types  of  Cost  and  Their  Treatment 

Economists  classify  costs  into  three  general  categories:  clearly- 
allocable  (or  clear ly-assignable)  costs,  common  costs,  and  joint 
costs.  These  cost  categories  and  their  recommended  theoretical 
treatment  for  cost  allocation  are  described  below. 

Clearly-allocable  costs  are  those  directly  attributable  to  the 
production  of  a  single  output  quantity  for  a  given  users.  These 
costs  should  be  charged  directly  to  the  responsible  parties. 


In  particular,  some  problems  in  this  area  are  related  to  cost 
recovery  or  other  factors  that  are  outside  the  scope  of  this 
cost  allocation  study.  For  instance,  sudden  increases  in 
user  charges  for  those  underpaying  in  the  past  are  probably  un¬ 
desirable.  As  these  users  invested  in  facilities  and  equipment 
based  on  an  earlier  set  of  rules,  they  should  be  afforded  a 
gradual  transition  period  to  adjust  to  the  new  equilibrium. 
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FIGURE  3-1 

COST  ALLOCATION  PROCEDURE 
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(FY76  CONSTANT  DOLLARS  IN  MILLIONS) 
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Nonaviation  use  of  weather  services 
Military  requirements 
Small  community  subsidy 


FAA  budget  categories  are  first  disaggregated  into  a  set  of 
program  elements.  At  this  level,  the  split  of  expenditures 
between  users  is  often  defined  by  the  nature  of  the  program 
element  itself.  And,  in  many  cases,  objective  measures  can 
be  used  to  guide  the  apportionment  of  user  responsibility. 

Then,  for  each  program  element,  a  percentage  share  is  assigned 
to  each  user  based  on  what  is  judged  to  be  the  value  (based 
on  the  above  criteria)  of  any  expenditure  on  that  item  relative 
to  the  other  users.  When  all  the  elements  are  thus  apportioned, 
the  elements  are  grouped  into  respective  budget  categories. 

The  aggregate  percentage  shares  of  air  carrier,  general  aviation 
and  military  are  then  normalized  for  each  of  the  ten  years  of 
the  planning  period.  Since  the  percentage  allocation  of  all 
categories  remains  fairly  stable  over  the  time  period,  only  a 
weighted  average  for  each  category  is  used  to  allocate  costs 
throughout  the  planning  period.  A  list  of  the  detailed  pro¬ 
gram  elements  and  the  portions  assigned  to  each  of  the  user 
groups  are  graphically  presented  in  Appendix  E.  The  resulting 
percentage  splits  between  the  users  for  each  of  the  major  R&D 
and  F&E  categories  are  summarized  in  Table  3-3. 

3.3  Operations  and  Maintenance  (O&M)  Costs 

In  general,  O&M  costs  are  directly  influenced  by  levels  of 
aircraft  activity  in  the  air  traffic  control  system.  Staff 
salaries  comprise  the  greatest  part  of  the  cost  to  operate 
and  maintain  FAA  control  facilities.  Staffing  requirements 
are,  in  turn,  determined  by  FAA  staffing  equations  as  a  direct 
function  of  air  traffic  activity.  Maintenance  requirements 
vary  with  the  level  of  existing  capital  inventory  which,  in 
the  long  run,  is  affected  by  user  demand.  One  would  expect, 
therefore,  that  long-run  marginal  cost  techniques  would  be 
applicable  for  allocation  of  this  category  of  costs. 

The  availability  of  a  more  recent  1974  data  base  permitted 
Administrative  Sciences  Corporation  (ASC)  to  perform  a  technical 
review  and  an  update  of  the  O&M  long-run  marginal  cost  equations 
formulated  by  the  1973  Cost  Allocation  Study  and  incorporated  in 
the  ASC  model.  A  number  of  technical  difficulties  atributable 
to  collinearity  in  the  original  1973  study  prompted  the  reestima¬ 
tion  of  en  route  O&M  long-run  marginal  costs.  Reestimation  of 
terminal  and  FSS  categories  were  determined  to  be  insufficiently 
different  to  warrant  changing.  The  particulars  of  the  en  route 
reestimation  are  discussed  in  Appendix  C. 
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PERCENTAGE  ALLOCATION  QF  CAPITAL  EXPENDITURES 


Total  cost  equations  generally  take  the  form 

c  ■  aQ  +  r  a.  *  uSEi  +  e  (1) 

where 

C  ■  O&M  costs  at  a  particular  facility 

a  «  intercept  of  regression  analysis  repre- 

;  senting  residual  joint  costs 

a^  ■  marginal  cost  coefficient  for  user  i 

USE *  use  of  the  facility  by  user  i 

e  ■  error  term 

o 

Using  techniques  of  regression  analysis,  the  marginal  costs  co¬ 
efficients  are  then  estimated  from  an  appropriate  cross-sectional 
data  base  (see  Appendix  C  for  an  example). 

A  user’s  share  of  the  total  cost  in  a  future  market  is  merely 
the  product  of  his  marginal  coat  coefficient  and  his  forecast 
activity  level  which  can  be  represented  as: 

MCi  "  ai *  USEi  (2) 

However,  in  a  system  of  decreasing  average  costs  with  increased 
activity  levels,  such  as  in  the  Airport  and  Airway  System, 
marginal  costing  will  not  fully  recover  total  costs.  If  we 
let  represent  the  porportion  of  the  residual  allocated  to  user 
i,  then  the  total  cost  equation  (1)  becomes: 

C  =  I  (MCi  +  aQ*  si)  +  eo  (3) 

With  reference  to  the  discussion  in  Section  2,  the  residual  is 
allocated  to  each  user  in  proportion  to  the  product  of  his  mar¬ 
ginal  cost  and  the  inverse  of  his  price  elasticity  of  demand 
(e^).  Therefore, 


(4) 


A  summary  of  the  O&M  marginal  cost  coefficients  and  elasticities 
of  demand  are  presented  in  Tables  3-4  and  3-5.  The  derivation 
of  the  price  elasticities  is  found  in  Appendix  D. 

3.4  Grants-ln-Aid 

The  Grants-in-Aid  program  was  established  by  the  Airport  and 
Airway  Development  Act  of  1970.  Subsequent  amendments,  the 
latest  enacted  in  1976  as  Public  Law  94-353,  direct  /how  program 
funds  are  to  be  spent  on  air  carrier  and  general  aviation  facility 
improvements.  Therefore,  it  is  reasonable  to  allocate  these 
funds  as  prescribed  by  the  legislation.  Because  their  level  of 
activity  is  projected  to  remain  constant  throughout  the  planning 
period,  military  and  government  users  are  not  expected  to  impose 
any  further  requirements  or  to  receive  additional  benefits  from 
further  civil  airport  improvements.  As  a  result,  they  are  assigned 
no  cost  responsibility  for  Grants-in-Aid  funding. 


3.5  Support  Costs 

Inasmuch  as  support  costs  are  composed  of  qualitatively  different 
elements,  they  are  allocated  in  direct  proportion  to  the  pro¬ 
grams  they  support.  Specifically,  the  elements  relating  to  R&D 
are  allocated  to  the  users  in  the  same  manner  as  R&D;  those  re¬ 
lating  to  the  Airport  Program  are  allocated  the  same  as  Grants- 
in-Aid;  those  relating  to  Installation  and  Material  Services  are 
allocated  the  same  as  Traffic  Control  and  Maintenance  and  so 
forth.  These  categorical  relationships  are  presented  in  Table 
3-6. 


3.6  Summary 

The  composite  set  of  allocation  ruleo  which  follow  from  the  pre¬ 
vious  discussions  are  summarized  in  Table  3-7. 
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otal  user  allocations  of  en  route,  terminal  and  FSS 


TABLE  3-5 

O&M  PRICE  ELASTICITIES*  OF  DEMAND  ' 

PRICE  ELASTICITY 
-1' 

-2 
-1 


ff 

Price  elasticities  of  demand  measure  the  percent 
change  in  demand  for  a  service  with  respect  to  a 
percent  change  in  the  price  of  that  service. 
Details  are  presented  in  Appendix  F. 


AVIATION  USER 
Air  Carrier 
General  Aviation 
Military 
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TABLE  3-6 


FUNCTIONAL  RELATIONSHIP  OF  SUPPORT  COSTS 
TO  OTHER  BUDGET  CATEGORIES 


SUPPORT  COST  CATFGORY  BUDGET  CATEGORY  SUPPORTED 


I&M 

O&M 

ADM  FLT  STDS 

* 

ADM  MED 

* 

DEV  DIR 

R&D 

ARPT  ADMIN 

GRANTS-IN-AID 

CENT  TRNG  &  DIR,  S&S 

O&M 

O&M 

I&M 

O&M 

FLT  STDS 

* 

MED 

* 

DEV  DIR 

R&D 

ARPT  ADMIN 

GRANTS-IN-AID 

£ 

Public  benefit  and  directly  recoverable  programs  allocated 
in  full  to  the  public  sector. 


PROCEDURAL  SUMMARY  FOR  COST  ALLOCATION 
(AFTER  REMOVAL  OF  PUBLIC  INTEREST  COSTS) 
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ADJUSTMENTS  TO  USER  ALLOCATION'S 


It  is  necessary  to  adjust  the  cost  allocations  for  government- 
owned  civil  aircraft  operations  and  nonrevenue  air  carrier  flights 
normally  counted  in  general  aviation  statistics.  It  is  estimated 
that  four  percent  of  general  aviation  operations  reported  by  the 
FAA  are  due  to  government  aircraft  activity  (Reference  2).  The 
general  aviation  allocation  is  consequently  reduced  by  four  per¬ 
cent  and  added  to  the  composite  military  and  government  alloca¬ 
tion. 

Based  on  FY76  Civil  Aeronautics  Board  data  (Reference  1),  non¬ 
revenue  air  carrier  flights  comprise  approximately  one  percent 
of  total  air  carrier  activity.  Therefore,  costs  incurred  as  the 
result  of  nonrevenue  air  carrier  flights  are  estimated  at  one 
percent  of  the  total  air  carrier  cost.  As  a  result,  the  general 
aviation  allocation  is  reduced  accordingly  and  added  to  the  air 
carrier  allocation.  These  adjustments  are  shown  in  the  detailed 
allocation  tables  of  Appendix  F. 


RESULTS  OF  USER  COST  ALLOCATION 

Two  sets  of  Airport  and  Airway  System  Costs  are  developed  in 
Reference  10.  The  baseline  set  is  a  forecast  of  costs  that 
might  be  incurred  if  historical  relationships  between  expendi¬ 
tures  and  user  activity  are  continued  into  the  future.  The 
alternative  cost  base  predicts  the  airport  and  airway  costs  that 
will  be  experienced  if  planned  UG3RD  enhancements  are  incorporated 
in  the  system.  The  results  of  allocating  the  cost  bases  in 
accordance  with  the  rules  formulated  in  Section  3  are  summarized 
in  Table  5-1  (FY76  constant  dollars)  and  Table  5-2  (current 
dollars).  Detailed  allocations  are  located  in  Appendix  F. 

The  percent  distribution  of  Federal  Aviation  Administration 
(FAA)  costs  allocated  to  users  of  the  airport  and  airway 
system  fluctuates  very  little  throughout  the  period  FY77 
to  FY86: 

Public  Interest  :  16-17% 

Air  Carriers  :  48-50% 

General  Aviation  :  24-27% 

Military  and  :  8-10% 

Government 

Furthermore,  this  distribution  remains  relatively  constant 
irrespective  of  whether  the  baseline  or  the  alternative  cost 
scenario  is  used. 


COST  ALLOCATION  St'MMARY 
CURRENT  DOLLARS  IN  MILLIONS 


There  is  reason  to  believe  the  true  value  may  lie  a  good  deal  closer 
to  the  high  than  the  low  end  of  that  range.  In  the  1973  Cost  Alloca¬ 
tion  Study's  Working  Paper  No.  5,  Measures  of  Use.  En  Route  O&M  unit 
costs  were  postulated  to  be  inversely  proportional  to  the  average 
speeds  of  different  user  group  aircraft.  General  aviation's  average 
speed  being  lower  than  that  of  either  air  carrier  or  military,  the 
cost  of  a  GA  IFR  Aircraft  Handled  was  therefore  judged  in  that  docu¬ 
ment  to  be  higher  than  the  other  user  groups,  not  seventy  or  eighty 
percent  lower  as  the  regression  results  suggested. 

A  second  reason  for  the  reestimation  decision  emerged  when  the  en 
route  cost  function  was  estimated  (using  the  original  Cost  Allocation 
Study  data)  by  the  method  of  Ridge  Analysis,  or  Ridge  Regression.4 
Those  results  indicated  that  the  GA  cost  coefficient  had  been  under¬ 
estimated  and  the  AC  coefficient  overestimated.  The  difficulty  ap¬ 
pears  to  have  been  collinearity  between  the  AC  and  GA  activity  variables. 

Data  Base  for  Reestimation 


Another  motivation  for  the  decision  to  generate  new  en  route  marginal 
cost  estimates  was  the  ready  availability  of  a  comparable  and  more 
current  (1974)  data  base.^  Those  data  are  displayed  in  Table  C-l. 

The  following  is  a  brief  description  of  how  they  were  developed. 

Operations  Costs  -  The  number  of  staff  positions  at  each  center  mul¬ 
tiplied  by  the  actual  FY76  center  traffic  control  "cost  conversion 
factor"  of  $25,748. 

Maintenance  Costs  -  #1  -  The  capital  stock  at  each  center,  computed  from 
the  FAA's  facility  and  equipment  inventory  and  price  list  and  expressed 
in  1974  dollars,  divided  by  the  Center  maintenance  capital/labor  ratio 
of  $177,460  (also  in  FY74  dollars),  and  multiplied  by  the  actual  FY76 
maintenance  cost  conversion  factor  of  $28,875.  (Note  that  division  of 
the  capital  stock  estimate  by  a  capital  to  labor  ratio  produces  a  "pure" 


4 

The  seminal  articles  on  this  technique,  which  is  an  iterative  procedure 
designed  to  counter  the  effects  of  multicollinearity  (high  intercorrela¬ 
tion  between  independent  variables)  are  A.E.  Hoerl  and  R.W.  Kennard, 
"Ridge  Regression:  Biased  Estimation  for  Nonor thogonal  Problems"  and 
"Ridge  Regression:  Applications  to  Nonor thogonal  Problems,"  Technometrics . 
Vol.  12,  No.  1,  (February  1970),  pp.  55-82.  A  summary  of  the  procedure 
appears  as  Appendix  A  to  An  Economic  Analysis  of  En  Route  and  Terminal 
Air  Traffic  Control.  Report  No.  FAA-AVP-77-1,  June  1976. 

"*That  data  was  assembled  in  connection  with  the  work  described  in  Re¬ 
port  No.  FAA-AVP-77-1,  cited  in  the  preceding  footnote. 
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APPENDIX  C 

REESTIMATION  OF  EN  ROUTE  O&M  MARGINAL  COSTS 

En  Route  operations  and  maintenance  costs  account  for  roughly  one-half 
of  all  Traffic  Control  costs,  and  about  one-fourth  of  total  expendi¬ 
tures  from  the  General  Fund.  Accordingly,  obtaining  accurate  estimates 
of  the  long  run  marginal  costs  applicable  to  en  route  activity,  which 
are  then  used  for  allocating  that  portion  of  the  cost  base,  is  a  matter 
of  considerable  importance.  Estimates  developed  in  the  1973  DOT  Air¬ 
port  and  Airway  Cost  Allocation  Study, *  with  their  respective  t-values 
shown  in  parentheses,  were: 

AC  GA  MIL 

$10.31  $1.38  $9.19 

(5.15)  (0.25)  (3.42) 

These  costs  are  expressed  in  a  1971  price  base,  and  the  activity  mea¬ 
sures  to  which  they  relate  are  IFR  Aircraft  Handled. 

Conventional  interpretation  of  the  very  low  t-value  associated  with 
GA  activity  mav  take  one  of  two  forma. 2  Either  GA  activity  has  no 
bearing  on  en  route  O&M  costs  and  the  true  value  of  the  coefficient 
is  in  fact  zero;  or  the  available  data  did  not  provide  an  adequate 
basis  for  measuring  GA's  impact  on  costs.  For  reasons  to  be  discussed 
below,  the  present  study  considered  the  latter  interpretation  to  be 
the  correct  one,  and  a  decision  was  therefore  made  to  reestimate 
en  route  O&M  marginal  costs  for  purposes  of  cost  allocation. 

The  lowest  reasonable  value  for  the  GA  marginal  cost  is,  of  course, 
zero.  Based  on  the  above  t-value  of  0.25,  which  implies  a  standard 
error  of  5.52,  the  range  of  likely  values  (the  confidence  interval) 
extends  beyond  $12.00;  i.e.,  the  original  estimate  plus  twice  its 
standard  error ? 


See  Airport  and  Airway  Cost  Allocation  Study,  Part  I  Report  Technical 
Supplement,  Nov.  1973,  p.  101,  Regression  No.  ER-0&M-2. 


The  characterization  "very  low"  is  admittedly  subjective.  A  widely 
adopted  rule-of-thumb  is  that  a  regression  coefficient  is  well  esti¬ 
mated  if  its  t-value  is  at  least  2.0.  From  the  point  of  view  of  for¬ 
mal  tests  of  hypotheses,  the  critical  t-values  in  this  case  (with 
19-5  *  14  degrees  of  freedom)  are  1.761  for  a  one-tailed  test  and 
2.145  for  a  two-tailed  test,  each  at  the  .05  significance  level. 


Multiplying  the  standard  error  by  two  is  consistent  with  the  same 
rule-of-thumb  discussed  in  the  preceding  footnote. 
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surcharges  that  result  in  cost  allocation  on  an  individual  operator 
basis  and  not  on  a  user-group  basis.  As  such,  this  factor  would 
be  best  included  in  the  cost  recovery  phase  of  this  analysis  and 
not  in  the  user-group  cost  allocation  phase.  Vhile  such  a 
peaking-surcharge  program  would  entail  some  administrative  burden, 
its  implementation  would  flatten  peaks  thereby  effectively 
increasing  daily  and  annual  capacity,  would  result  in  more 
equitable  charges,  and  would  help  ensure  an  optimal  facilities 
use  pattern. 
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not  particularly  sensitive  to  definition  of  the  peak  period  or 
any  other  inputs. 

While  these  results  were  not  originally  expected,  they  are 
explainable.  At  airports  having  a  high  percentage  of  GA  activity 
(e.g.,  Baton  Rouge,  Fort  Wayne),  air  carrier  operations  tended 
to  be  spurious  and  were  often  scheduled  as  non-primary  tags 
ends  on  multi-stop  flights.  Thus,  no  significant  peaking  differ¬ 
ences  should  have  been  expected  at  this  class  of  airport.  At 
airports  that  have  a  large  percentage  of  air  carrier  operations 
(e.g.,  O'Hare,  JFK),  the  GA  population  is  likely  to  consist  of 
a  large  percentage  of  larger  turbine-powered  aircraft  that  are 
well-instrumented.  Thus, these  GA  users  would  behave  similarly 
to  air  carriers,  and  no  significant  differences  should  be  found. 

A  good  explanation  of  why  significant  differences  were  not 
present  at  the  mid-range  of  airports  was  not  found.  Perhaps 
the  underlying  reason  is  that  crowding,  delays,  and  lack  of 
peak-period  pricing  differentials  resulted  in  conditions  that 
were  not  sufficient  to  nudge  GA  operators  to  off-peak  times. 
Perhaps  no  significant  differences  were  found  because  those  GA 
users  with  a  propensity  to  avoid  peaks  have  moved  to  the  off-peak 
days  that  were  not  examined.  Finally,  perhaps  weather  conditions 
for  the  days  studied  were  not  adverse  enough  to  accentuate  the 
differences  between  IFR-equipped  aircraft  and  non-IFR-equipped 
aircraft . 

While  significant  differences  in  peak-period  behavior  were  not 
detected  among  user  types,  this  does  not  necessarily  mean  that 
differences  do  not  actually  exist.  However,  in  light  of  this 
evidence,  any  differences  that  do  exist  are  probably  small.  If 
GA  users  were  divided  into  finer  categories  (e.g.,  turbine  vs. 
piston,  IFR-equipped  vs.  non-equipped ,  small  vs.  large),  greater 
differences  might  have  been  detected.  As  mentioned  earlier,  if 
the  analysis  examined  daily  as  well  as  hourly  data,  significant 
differences  might  have  been  found.  Tinallv,  while  the  set  of 
airports  examined  was  sufficient  in  size  and  mix  to  draw  these 
conclusions,  some  airports  might,  nonetheless,  exhibit  this 
diversity  in  behavior. 

Based  on  this  analysis,  explicit  inclusion  of  peak-period  pricing 
differentials  among  user  groups  is  not  recommended.  However,  the 
hypothesized  effect  might  really  exist  and  can  be  subjectively 
included  by  decision  makers. 

While  no  significant  differences  were  found  among  user  groups, 
significant  differences  were  found  between  peak  and  off-peak 
periods.  This  would  suggest  the  desirability  of  using  temporal 


TABLE  B  1 

PEAK  PERIOD  ANALYSIS 


Airport 

* 

off-peak 

* 

peak 

t 

Jacksonville,  FL 

.354 

.357 

.014 

Nashville,  TN 

.462 

.575 

.443 

Dothan,  AL 

.312 

.134 

-  .608 

Mobile,  AL 

.462 

.807 

1.720 

Raleigh,  NC 

.730 

.878 

1.348 

Savannah,  GA 

.750 

.850 

.065 

Chicago,  IL  (O'Hare) 

.078 

.129 

1.796 

Philadelphia,  PA 

.109 

.187 

1.070 

Baton  Rouge,  LA 

.670 

.956 

.966 

Newark,  NJ 

.145 

.171 

.316 

Fort  Wayne,  IN 

.715 

.911 

.975 

New  York,  NY  (La  Guardia) 

.183 

.154 

.284 

Pittsburgh,  PA 

.181 

.209 

.460 

Los  Angeles,  CA 

.130 

.178 

1.138 

Pensacola,  FL 

.681 

.912 

1.290 

Harlingen,  TX 

.689 

.832 

.458 

Santa  Barbara,  CA 

.885 

.915 

.519 

St.  Louis,  MO 

.327 

.385 

.671 

Boston,  MA 

.111 

.154 

.641 

San  Francisco,  CA 

.204 

.161 

.604 

Miami,  FL 

.220 

.238 

.187 

New  York,  NY  (JFK) 

.033 

.017 

.603 

Washington,  DC  (National) 

.184 

.123 

.462 

Denver,  CO 

.327 

.402 

.907 

Atlanta,  GA 

.111 

.105 

.197 

Dallas-Fort  Worth,  TX 

.068 

.080 

.316 

?  .  =  average  t  GA  operations  in  off-peak  hours 

off-peak 

%eak  S  average  ?.  GA  operations  in  peak  hours 
**  9  5? 

t  '  1.7  -  1.8  for  typical  sample  size 
crit 
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ANALYSIS  OF  AIRPORT  AND  AIRWAY  PEAKING 


Peak-period  pricing  differentials  can  be  calculated  by  determining 
the  extent  to  which  each  user  group  operates  in  the  peaks. 
Statistical  uncertainty  would  require  conservatism  in  calculating 
these  peak-period  differentials.  With  this  objective  in  mind, 
an  analysis  of  peaking  was  conducted. 

Time-of-day  peaking  characteristics  were  studied.  Daily  and  sea¬ 
sonal  peaking  analyses  could  have  been  conducted  also,  but  data 
availability  and  variability  among  facilities  makes  the  task  of 
drawing  general  conclusions  far  more  difficult  for  these  two  cate¬ 
gories.  This  analysis  was  conducted  for  airports  only.  Appropriate 
data  for  other  types  of  airport  and  airways  facilities  was  not 
available.  Avoidance  of  this  area  is  not  critical  because  vari¬ 
ability  in  peak-period  usage  among  users  is  probably  much  greater 
for  airports  than  for  other  types  of  facilities. 

This  study  examined  the  differences  in  propensity  to  operate  in 
peak  periods  between  GA  and  non-GA  users.  Prior  to  this  study, 
the  analysts  expected  that  GA  users  would  have  a  lower  propensity 
to  operate  in  peak  periods  than  would  air  carriers  and  other 
users.  This  was  hypothesized  because  many  GA  users  have  great 
freedom  to  divert  their  operations  to  off-peak  hours,  and  because 
less  instrumentation  and  smaller  size  make  conditions  more 
difficult  and  hazardous  for  GA  users  operating  in  a  crowded 
terminal  environment. 

At  each  airport  studied,  hourly  operations  counts  were  collected, 
and  the  percentages  of  GA  operations  in  each  period  were  cal¬ 
culated.  The  peak  period  was  roughly  defined  as  the  busiest 
three  hours,  but  this  definition  was  varied  slightly  when  necessary 
to  reflect  local  conditions.  The  average  percentage  of  GA 
operations  in  the  peak  period  was  compared  to  the  average  percent¬ 
age  of  GA  operations  in  the  off-peak  period  for  each  airport, 
"t-statistics"  were  calculated  to  indicate  the  significance  of 
these  differences.  The  critical  value  of  the  t-statistic  at  a 
95%  confidence  level  for  the  typical  sample  sizes  encountered 
ranged  from  approximately  1.7  to  1.8. 

The  results  of  this  analysis  are  presented  in  Table  B-l.  Casual 
observations,  not  reported  in  this  table,  showed  that  the  total 
operations  per  hour  in  the  peak  periods  significantly  exceeded 
the  total  operations  per  hour  in  the  off-peak  periods.  However, 
no  significant  differences  were  noted  between  GA  behavior  in  peak 
and  off-peak  periods:  the  proportion  of  GA  operations  to  total 
operations  was  nearly  constant  throughout  the  day.  Most  of  the 
differences  found,  while  not  statistically  significant,  were  con¬ 
trary  to  original  expectations.  Furthermore,  the  results  were 
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APPENDIX  B 


PEAK-PERIOD  PRICING 


I .  THEORY 


Variation  in  facility  usage  rates  with  time  of  day  .is  potentially 
an  important  factor  in  cost  allocation.  In  the  airport  and 
airway  system,  recurring  and  relatively  stable  peaks  are  usually 
present.  For  capital  intensive  production  (or  production  using 
other  fixed  resources  such  as  may  be  the  case  with  restrictive 
work  rules),  the  marginal  costs  of  peak-period  operations  are 
usually  higher  than  the  marginal  costs  of  off-peak  operations 
because  the  system  operator  must  invest  in  additional  fixed 
resources  to  serve  the  peaks.* 

Since  peak-period  users  impose  additional  identifiable  costs  on 
the  system,  it  is  appropriate  from  equity  and  efficiency  consid¬ 
erations  to  charge  them  higher  prices.**  The  allocative  penalty 
from  failing  to  institute  peaking  charges  is  greatest  when  demand 
is  most  price  elastic  and  when  users  have  the  most  flexibility 
to  shift  temporal  operating  patterns.  When  all  users  make  use 
of  the  same  type  of  facilities,  the  costs  of  making  peak  capacity 
available  is  directly  allocable  to  peak-period  users,  and  hence 
off-peak  users  should  not  be  explicitly  charged  for  capacity 
costs  (i.e.,  off-peak  capacity  is  a  free  item).  Exceptions  and 
modifications  to  this  rule  may  be  appropriate  if  institution  of 
a  marginal  cost  pricing  system  would  result  in  moving  additional 
users  to  off-peak  periods,  if  a  capacity  buffer  exists  to  account 
for  uncertainty  in  demand,  or  if  price  discrimination  is  explicity 
being  practiced.  These  modifications  should  be  determined  on  a 
case  by  case  basis. 

This  theory  is  directly  applicable  to  the  airport  and  airway 
situation.  Theory  relevant  to  the  case  where  peak  and  off-peak 
users  make  use  of  different  types  of  facilities  is  generally  not 
applicable  to  this  airport  and  airway  cost  allocation  study.  In 
this  study,  the  peaking  statistic  of  most  interest  is  differential 
use  made  by  each  user  group  of  the  peak  periods.  While  beyond  the 
scope  of  this  study,  further  equity  and  economic  benefits  can 
be  achieved  by  actually  basing  the  cost  recovery  system  on  peaking 
factors  even  if  each  user  group  has  a  similar  division  of  peak 
and  off-peak  activities. 


*  In  addition,  peak-period  users  often  bear  significant  congestion  costs. 

**  The  relevant  peak  period'  is  that  for  the  system  as  a  whole  and 
not  necessarily  the  peak  for  any  particular  user  group. 
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price  set  above  the  equilibrium  price  might,  in  rare  circumstances, 
not  result  in  a  decrease  in  society's  surplus.  . 

The  previous  discussion  demonstrates  that  administered  prices 
that  diverge  from  marginal  costs  will  almost  always  result  in  a 
decrease  in  society's  surplus  and,  hence,  a  decrease  in  the 
public's  general  well-being.  Of  course  in  some  cases,  adminis¬ 
trative  costs  and  other  market  imperfections  might  result  in 
some  divergence  being  desirable.  While  analyses  that  are  based 
solely  on  concepts  of  society's  surplus  fail  to  consider  inter¬ 
personal  comparisons,  they  are  generally  indicative  of  overall 
(net)  welfare. 

SUMMARY 

Marginal  cost  pricing  is  an  inherently  efficient  and  equitable 
means  of  cost  allocation.  As  with  any  method,  modifications  might 
be  necessary  to  achieve  compatibility  with  some  goals,  but  the 
basic  method  provides  producers  with  guides  for  deter,  ining 
economically  optimal  production  rates  and  plant  sizes.  Further, 
marginal  cost  pricing  precludes  no  use  for  which  benefits  exceed 
opportunity  costs.  This  allows  for  maximization  of  public 
well-being  which  is  particularly  important  in  a  Government 
regulated  and  operated  system  such  as  the  airport  and  airway 
system. 


CONSUMER  SURPLUS 


iLininiiuim 

PRODUCER  SURPLUS 


DECREASE  IN  SOCIETY'S  SURPLUS 


FIGURE  A-3 

CONSUMER  AND  PRODUCER  SURPLUS  AT  SUPER-EQUILIBRIUM  PRICE 


The  attractiveness  of  marginal  cost  pricing  can  also  be  illus¬ 
trated  with  the  concepts  of  consumer  and  producer  surplus.  In 
Figure  A-2 ,  an  equilibrium  price  (P£)  and  quantity  (Qe)  are 
defined  by  the  intersection  of  market  supply  and  demand  curves. 
Consumer  surplus,  which  represents  the  net  benefits  to  consumers 
from  engaging  in  market  transactions,  is  defined  by  the  area  below 
the  demand  curve  and  above  the  transaction  price  (which  in  this 
example  is  Pe).  Correspondingly,  producer  surplus,  which  repre¬ 
sents  the  net  benefits  to  producers  from  engaging  in  market 
transactions,  is  defined  by  the  area  below  the  transaction  price 
and  above  the  supply  curve. 

The  sum  of  consumer  surplus  and  producer  surplus  is  termed 
society's  surplus  (or  transaction  surplus).  It  represents  an 
increase  in  benefit  or  utility  to  society  from  engaging  in 
market  exchange  relationships.  Following  are  several  figures 
that  demonstrate  how  society's  surplus  decreases  when  prices 
diverge  from  marginal  costs. 

Figure  A-3  illustrates  the  case  when  an  administered  price  is 
set  above  the  equilibrium  price.  In  this  situation,  consumer 
surplus  will  decrease.  While  producer  surplus  might  increase — it 
might  also  decrease — the  net  result  will  be  a  decrease  in  soci¬ 
ety's  surplus. 

Figure  A-4  illustrates  several  examples  of  the  impacts  on  soci¬ 
ety's  surplus  when  administered  prices  are  set  below  marginal 
costs.  As  showTn  by  these  and  previous  examples,  divergent  prices 
never  produce  results  that  are  superior  to  marginal  cost  pricing, 
and  almost  always  produce  inferior  results. 

In  Figure  A-4 (a),  an  administered  price  is  set  below  the  equili¬ 
brium  level.  In  this  example,  it  is  assumed  that  all  demand 
will  be  satisfied  due  to  inelastic  supply,  government  mandate, 
or  some  other  reason.  Here,  an  increase  in  consumer  surplus  is 
more  than  offset  by  a  decrease  in  producer  surplus. 

In  Figure  A-4(b),  an  administered  price  is  set  below  the  equili¬ 
brium  level,  and  the  producer  reacts  by  decreasing  output  to  the 
profit-maximizing  level.  The  resulting  shortage  causes  a  de¬ 
crease  in  society's  surplus. 

In  Figure  A-4(c),  an  administered  price  is  set  below  the  equili¬ 
brium  price,  but  through  some  indeterminate  means,  the  equilibrium 
quantity  is  produced.  In  this  unusual  situation,  the  increase  in 
consumer  surplus  exactly  offsets  the  decrease  in  producer  surplus. 
Similarly,  if  there  were  some  means  of  coercing  consumers  to 
purchase  more  than  they  would  normally  want  to,  an  administered 
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FIGURE  A  1 

ALTERNATIVE  AIR  ROUTES  WITH 
DIFFERENT  MARGINAL  COSTS  BUT  IDENTICAL  FARES 


APPENDIX  A 


JUSTIFICATION  OF  MARGINAL  COST  PRICING 


I 


r. 


2 


i 


» 


» 


1.  INTRODUCTION 


Marginal  cost  pricing  consists  of  changing  users  the  marginal 
costs  associated  with  their  act ivi t ie.‘: .  Marginal  cost  is 
defined  as  changes  in  variable  cost.  Marginal  cost  pricing 
is  considered  desirable  because  it  maximizes  society's  net 
welfare.  When  divergence  from  marginal  cost  pricing  takes 
place,  improper  economic  incentives  may  result,  and  the  gains 
of  favored  parties  probably  will  be  more  than  offset  by  the 
losses  of  disfavored  parties.  The  reasons  for  this  are  illus¬ 
trated  in  the  following  section. 

2.  THE  ALLOCATIVE  PENALTY  ARISING  FROM  FAILURE  TO  PRICE  AT 
MARGINAL  COSTS 


When  prices  diverge  signif icantly  from  marginal  costs,  a  mis- 
allocation  of  resources  usallv  occurs.  In  this  situation, 
society  receives  a  given  output  at  a  higher  than  necessary 
cost,  or  alternatively ,  society  receives  a  diminished  output 
for  a  given  expenditure. 

An  example  of  this  is  illustrated  in  Figure  A-l.  A  non-stop 
flight  between  Los  Angeles  and  Denver  commands  the  same  fare 
as  a  multi- stop  flight  via  San  Diego  and  Phoenix.  The  non-stop 
block  distance  is  839  miles,  and  the  multi-stop  block  distance 
is  994  miles.  Ignoring  network  effects*,  the  marginal  cost  of 
the  multi-stop  passenger  trip  is  greater  than  the  marginal  cost 
of  the  shorter  non-stop  passenger  trip. 

All  else  being  equal  and  in  the  absence  of  any  special  motives, 
society  would  be  better  off  moving  most  or  all  of  its  Los  Angeles- 
Denver  passengers  on  the  non-stop  route.  Marginal  cost  pricing 
would  lead  to  this  result.  On  the  other  hand,  value  of  service 
pricing  would  indicate  a  lower  price  for  the  multi-stop  service, 
and  the  opposite  (and  less  satisfactory  in  terms  of  economic 
efficiency  and  allocation  of  resources)  result  would  occur. 

Many  other  classic  examples  of  this  phenomenon  can  be  found  in 
transportation  and  other  economic  literature. 


* 


This  analysis  can  be  justified  if  it  is  assumed  that  network 
considerations  affect  each  route  equally. 
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DATA  BASE  FOR  EN  ROUTE  O&M  MARGINAL  COST  REESTTMATION 
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Denver  and  non-CONUS  en  route  centers  are  excluded  from  the  data  base  due  to  peculiar 
geographic  characteristics  or  unavailability  of  data. 


measure  of  maintenance  staff  requirements;  i.e.,  one  that  is  free  of 
any  specified  price  level). 

Maintenance  Costs  -  112  -  The  ratio  of  the  operations-to-maintenance 
costs  for  each  Center,  taken  from  the  1973  Cost  Allocation  Study  data 
base,  and  divided  into  the  Operational  Costs  described  above. 

AC.GA  and  MIL  Aircraft  Handled  -  Taken  from  FAA  Air  Traffic  Activity 
Fiscal  Year  1974.  September  1974. 

Low  Altitude  and  High  Altitude  Miles  -  Taken  from  Table  E-10,  Airport 
and  Airway  Cost  Allocation  Study,  Part  I  Report  Technical  Supplement, 
p.  E.26. 

Before  presenting  the  reestimation  results,  a  word  of  explanation  is 
in  order  concerning  the  variables  and  data  described  above.  With  the 
exception  of  maintenance  costs,  the  measures  are  relatively  straight¬ 
forward.  However,  lacking  a  data  sburce  which  reports  actual  main¬ 
tenance  costs  by  ARTCC,  those  numbers  must  be  generated  through  an  in¬ 
direct  process.  What  is  described  above  as  "Maintenance  Costs  -  #1" 
is  the  approach  used  in  the  forecasting  model. 

This  approach  has  been  tested  against  aggregate  actual  expenditure  and 
found  to  be  quite  satisfactory.  However,  it  has  little  in  the  way  of 
an  engineering  basis.  The  original  Cost  Allocation  Study  determined 
the  standard  maintenance  man-year  requirements  for  the  F&E  existing 
at  each  location,  and  then  converted  those  to  dollar  costs.  The  mea¬ 
sure  described  as  "Maintenance  Costs  -  #2"  is  an  attempt  to  retain, 
and  at  the  same  time  update,  that  approach.  It  was  considered  important 
to  determine  whether  the  reestimation  results  were  sensitive  to  alter¬ 
native  measures  of  maintenance  costs. 

Statistical  Results 

In  the  1973  Study,  the  preferred  En  Route  O&M  cost  equation  was  speci¬ 
fied  to  be  a  linear  function  of  the  three  activity  variables  and  a 
fourth  variable  defined  as  the  sum  of  low-altitude  and  high-altitude 
air  route  miles  for  each  Center.  That  same  specification  was  retained 
here.  Their  preferred  sample  consisted  on  a  specific  cross-section  of 
19  ARTCC 's.  The  same  sample  composition  was  likewise  used  for  re¬ 
estimation.  Estimation  results  employing  Maintenance  Costs  -  #1  (the 
forecasting  model  approach)  were:6 

bIn  preforming  the  regressions,  the  data  were  converted  to  the  same 
units  used  in  the  original  study,  i.e.,  costs  and  activities  in 
millions,  and  Mileage  in  actual  units,  so  that  all  results  would  be 
directly  comparable. 


C  =  3.684  +  13.43AC  +  9.63GA  +  16.8MIL  +  .00016  Mileage 
(5.33)  (2.26)  (4.62)  (1.65) 

R2  =  .913 

R2  =  .888 

F  =  36.5 

Y  =  20.3  ($mil.) 

S.E.E.  =  1.6  ($mil. ) 

Results  with  Maintenance  Costs  -  //2  (updated  Cost  Allocation  Study 
approach)  were: 

C  =  0.282  +  13.83AC  +  9.96GA  +  17.60MIL  +  .0040  Mileage 
(6.00)  (2.56)  (5.27)  (0.46) 

R2  =  .992 

S2  =  .900 

F  =  41.4 

Y  =  15.6  ($mil.) 

S.E.E.  -  1.5  ( $mil . ) 

Except  for  the  intercept  term  and  coefficient  on  the  mileage  variable7 
— neither  of  which  affects  the  cost  allocation  process — the  results 
are  remarkable  insensitive  to  the  alternative  measures  of  maintenance 
costs.  Note  that  all  of  the  cost  coefficients  are  statistically  signi¬ 
ficant  by  any  reasonable  test.  Note  also  that  the  GA  and  AC  marginal 
costs  have  changed  relative  to  each  other  and  to  the  MIL  coefficient 
in  a  manner  consistent  with  the  outcome  of  the  Ridge  Analysis  per¬ 
formed  on  the  original  study's  data.  Both  sets  of  the  above  results 
are  in  FY76  dollars.  Since  the  evaluation  statistics  are  slightly 
higher  for  the  second  equation,  and  since  it  represents  less  of  a  depar¬ 
ture  from  the  Cost  Allocation  Study's  methodology,  the  marginal  costs 
from  that  equation  were  adopted  for  use  in  the  present  study. 

^ There  is  a  school  of  thought  which  holds  that,  in  light  of  the  highly 
insignificant  Mileage  coefficient,  that  variable  should  be  dropped 
from  the  equation  and  the  other  coefficients  reestimated.  That  was 
in  fact  done,  but  the  differences  between  the  two  sets  of  marginal 
costs  were  negligible  and  the  matter  was  dismissed. 
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APPENDIX  D 


PRICE  ELASTICITIES 


Price  elasticity  of  demand  is  defined  as  the  percent  change  in  demand 
caused  by  a  percent  change  in  price.  Numerous  studies  have  attempted 
to  determine  price  elasticities  for  air  transportation  services.  How¬ 
ever,  such  studies  have  encountered  major  difficulties  because  of  the 
complexity  of  air  transportation  and  the  wide  variety  of  users.  Even 
though  there  are  minor  variations  between  studies  in  such  things  as 
methodologies,  data  bases  and  time  periods,  there  are  some  common 
trends . 

The  Civil  Aeronautics  Board's  :estic  Passenger  Fare  Investigation 
(Reference  8)  of  the  earlv  1970's  produced  a  flurry  of  activity  in  the 
area  of  price  elasticity  for  commercial  air  transportation.  The  CAB's 
Bureau  of  Economics,  Trans  World  Airlines  and  American/United  Airlines 
developed  estimates  of  price  elasticities  for  commercial  carriers.  At 
approximately  the  same  time,  De  Vanv  (Reference  7)  and  Brown  and  Watkins 
(Reference  5)  also  conducted  similar  studies.  Overall,  the  findings 
indicate  that  air  carriers  are  relatively  inelastic  with  respect  to 
price  and  have  an  elasticity  coefficient  of  approximately  -1.0. 

General  aviation  is  a  composite  of  numerous  types  of  business  and 
personal  flying.  Each  type  of  user  utilizes  a  wide  variety  of  air¬ 
craft  types  (with  related  cost  structures)  and  each  has  a  demand  func¬ 
tion  that  reacts  differently  to  price  changes.  Until  recently,  very 
little  statistical  data  has  been  accumulated  with  respect  to  the  use 
of  ATC  services  by  general  aviation  user  groups.  Even  less  information 
has  been  collected  concerning  the  economic  structure  of  these  user 
groups.  Two  studies  have  been  performed  which  give  insight  to  the 
diversity  and  magnitude  of  this  problem.  The  first  is  a  study  by 
Battelle-Columbus  for  the  FAA  (Reference  6).  This  study  attempted  to 
derive  fixed  and  variable  cost  elasticities  of  demand  for  a  variety  of 
general  aviation  groups  (business/executive,  personal,  air  taxi,  in¬ 
structional,  aerial  application,  industrial/special).  The  Battelle- 
Columbus  study  showed  a  wide  fluctuation  in  the  variable  cost  elasti¬ 
cities  for  different  user  groups  ranging  from  -0.3  to  -2.2.  A  more 
useful  study  performed  by  Ratchford  (Reference  17) ,  used  an  aggregate 
model  for  general  aviation  and  estimated  that  the  overall  price  elas¬ 
ticity  of  demand  is  between  -1.5  and  -2.0. 

For  cost  allocation  purposes,  the  interest  is  in  relative  measures  of 
elasticity  coefficients.  Although  one  can  argue  the  validity  of  abso¬ 
lute  estimates,  the  following  conclusions  based  on  the  above  studies 
represent  good  estimates  of  the  relative  measures  of  price  elasticities 
of  demand  for  air  carrier,  general  aviation,  and  government  (plus 
military)  users: 


D-l 


1.  The  elasticity  coefficient  for  air  carriers  is  approxi¬ 
mately  -1.0. 

2.  The  elasticity  coefficient  for  general  aviation  is  of  the 
order  -2.0. 

3.  Demand  by  military  and  government  users,  while  being  slightly 
reduced  due  to  fuel  price  increases  and  budget  cuts,  appear 

to  be  essentially  cost  inelastic  (similar  to  air  carriers). 
Therefore,  an  elasticity  coefficient  of  -1.0  is  used  for  this 
group  of  users. 
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APPENDIX  E 


ALLOCATION  OF  R&D  AND  F&E  PROGRAMS 


The  general  procedures  used  to  develop  user  allocations  for  the  FAA 
budget  category  of  R&D  and  five  categories  of  F&E  (en  route  centers, 
terminal  centers,  flight  service  stations,  navigation  and  landing 
aids,  and  other  facilities)  are  described  in  Section  3.3  of  the  main 
report.  This  appendix  shows  how  the  cost  responsibility  for  the 
individual  program  elements  are  initially  apportioned  between  air 
carriers,  general  aviation  and  military  users.  Assignments  are  based 
on  engineering  estimates  of  (1)  user  requirements,  (2)  user  benefits, 

(3)  user  elasticities  of  demand,  (4)  purpose  of  FAA  programs  and 
services  and  (5)  expected  usage  of  services.  The  assignments  of  cost 
responsibility  reflect  the  existing  utilization  of  air  traffic  con¬ 
trol  services  by  each  user  group  even  though  the  minimum  require¬ 
ments  imposed  on  the  system  by  each  user  group  may  be  different. 

The  impact  of  minimum  requirements  on  general  aviation  cost  respon¬ 
sibilities  is  discussed  in  Reference  18. 

The  allocation  is  done  in  two  steps.  Cost  responsibility  of  each 
program  element  is  first  split  between  general  aviation  and  a  com¬ 
bined  group  including  both  air  carrier  and  military.  The  assignments 
of  cost  responsibilities  for  most  program  elements  are  approximate, 
being  limited  generally  to  one  of  five  points  on  a  continuous  scale: 

(1)  all  general  aviation,  (2)  predominantly  general  aviation,  (3) 
equally  split  between  air  carrier  plus  military  and  general  aviation, 

(4)  predominantly  air  carrier  plus  military  and  (5)  all  air  carrier 
plus  military.  The  cost  responsibility  for  the  eighteen  program 
elements  comprising  the  R&D  budget  are  shown  in  Figure  E-l.  Figure 
E-2  presents  the  split  for  the  major  F&E  budget  categories  followed 
by  the  program  element  allocations  for  terminal  F&E  in  Figures  E-3 
through  E-5,  and  for  navigation  and  Janding  aids  F&E  in  Figure  E-6. 

The  program  elements  composing  en  route,  FSS  and  other  F&E  categories 
are  listed  in  Table  E-l.  However,  distinctions  between  the  program 
elements  are  insufficient  to  warrant  making  different  individual 
allocations.  For  these  F&E  categories,  the  overall  allocation  shown 
in  Figure  E-2  applies  to  all  elements. 

The  second  step  of  the  allocation  process  is  to  split  the  air  carrier 
and  military  share  between  the  two  user  groups.  Allocations  are  made 
for  aggregate  programs  because  of  the  difficulties  in  assessing  cost 
responsibilities  at  the  program  element  level.  Since  requirements 
imposed  on  FAA  en  route,  terminal  and  navigation  facilities  by  air 
carrier  and  military  users  are  somewhat  homogeneous,  objective  measures 
are  used  to  guide  the  apportionment  of  these  F&E  categories: 
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F&E  Budget  Categor 


Allocation  Measure  Used 


En  Route 
Terminal 
Radar 

Automation 

Other 

Navaids 

En  Route 
Landing  Aids 

The  allocation  of  cost 
plus  military  portion 


No.  of  IFR  aircraft  handled 

Total  instrument  operations 
ARTS  III  instrument  operations 
Non-ARTS  III  instrument  operations 

Total  en  route  operations 
Total  instrument  operations 

responsibility  for  the  combined  air  carrier 
is  graphically  presented  in  Figure  E-7. 
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FIGURE  E  l 

ALLOCATION  OF  R&D  TRUST  FUND  RESPONSIBILITY 
(LESS  PUBLIC  INTEREST  PROGRAMS) 
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FIGURE  E  3 

ALLOCATION  OF  TERMINAL  RADAR  F»E  COST  RESPONSIBILITY 


ALL  A/C  +  MIL 


ALL  A/C  +  MIL 


FIGURE  E  5 

ALLOCATION  OF  OTHER  TERMINAL  F&E  COST  RESPONSIBILITY 
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FIGURE  E-6 

ALLOCATION  OF  NAVAIO  AND  LANDING  AID  COST  RESPONSIBILITY 


TABLE  E-l 


ELEMENTS  OF  F&E  PROGRAMS 


1.  En  Route  F&E 

a.  Long  Range  Radar 

Establish  and  Expand  ARSR  and  ATCRBS 
Moving  Target  Detection 
Hazardous  Weather 
DABS 

b.  Automation 

24-hour  Stage  A 

NADIN  2 

Improvements 

Relocation 

E-MSAW 

ATCSCC 

Conflict  Resolution 
Flight  Plan  Probe 
E-TABS 

En  Route  Metering 
Oceanic  Automation 

c.  Other  En  Route 

Establish  RCAG 
Sector  Addition 

Replacement  and  Modification  Components 
Modification  and  Improvement  of  Facilities 
Radio  Communications  Switching 

2.  Terminal  F&E 

(See  Figures  E-3  through  E-5) 

3.  Flight  Service  Station  F&E 

Establish  Direction  Finders 

Expand  Communications 

Part-Time  and  Decommissioning 

Random  A  Access  Voice  System 

Communications  Switching  System 

Replacement  of  Communications  Equipment 

Improvements,  Relocation  and  Modification 


* 


E-9 


*  «  o  r-  o 
®  o  o  ar  o 


o  o  »  r* 

®  »  *■  ® 

c*  • 


*  O  O  ®  O  O  fN 
IT  O  O  O  O  P»  ^ 


®  ^  -0  ® 

•  I  1  »  • 

*  -o  «*  »n 


r»  o  o  ®  »n  o«  a* 

•  •••II* 

^OO^'NBO' 


9>  (Ti  O 
00  ®  O 


fN  *f»  »* 

«r>  ">i  cn 

fN  fN 


r»  o  o  ®  p»  o  « 

<N  O  O  fin  IT  * 


■“  <N  <0  ® 


O'  O'  uo 
O'  CN  fN 


>  >/>  u  <£> 


O  «  O  O  O  «0 

o  «•  o  o  o  *• 


f*  ®  O'  r- 

iTOn« 
IT  » 


B»iNO^P« 


fN  O  fN 
-0  0-0 


mn»  9*0 
»  I  I  >  I 


0>  »n  »rt  * 

tit* 

*-  r+  \n  r~ 


®  m  ^  f*  o  r*  w 


■  M  Cl  «4  (0 


«  o  <« 

►  TH 

O  o  o 


F-12 


JV. 


I  LLCCITION  Cf  1186  Pi  SHIN!  PflGGlifl  COSTS 
M76  CQISliHT  DCLLiiS  II  P1LL10KS 


AILCCAT10I  01  f  1 85  BASIL  I  IB  PBCGiAB  C0S1S 
f  176  COISt All  DOLL AA S  IB  BUUCIS 


A  L  LOCAT  IOB  OF  FT8*  BISflJ*?  PBCGRAf)  COSTS 
Ff7b  CC 1ST  A  HT  tOLI AfcS  ]R  BllLlCBS 


o*  1*1  vn  cn 

•  4  *  • 

j»o  j>r* 


o-  o  o  ®  o  o  j">  o» 

»  o  o  o  o  r**  »  r» 

*-  *n 


ii«*t 
tn  »  »  /i  ^ 
o*  «n  w 


0909 
•  I  •  • 

33  9  O  4 

\f\  0  04 


noocriiflpr 
•  •••••* 
INOO'-^tDO 

kO  o*  \T> 


0  9  9  9  9 
•  *  •  4  I 

O'  O'  9*  *  0 


®  u-i  r»  O'  o 

i  •  »  i  * 

v  *n  9  o'  kfi 

P*  »  04  kO 

04  04  »n 


O  O  O  O'  lD  O  O 

4  4  4  •  4  I  t 

O  9  O  •  O  03  O* 
0  (NW9 


O  kO  O  o  O  kf> 

•  ••44  • 

0  0-000  4- 


Ok  O'  0  04 
•  •  4  4 

ITO<09 
wn  o) 


mo  9009  fN 

•  4  4  4  4  4  4 

nnooonno 
»  r*  «-  mo 


•  J  J  4  • 
*  «n  ho  kn  r» 


m  ®  ®  irt  o 

•  4  4  4  4 

0««9  O 

r*  »n  o*  nb  as 

imn  04 


f *  0 

r*  r*  oi  o*  o  sr 

^  o*  m  so 


JII.CC1TI0I  Cl  HI 2  BM  SllllZ  P(CGItl)  COSTS 
MT6  COISTIHT  DCL1IIS  I«  RILLIOtS 


®  o  o  ®  O  r-  *n 


I  »  •  • 

«  m 


n*  >«  *  i/>  fn  «*•  o 


m  w  »n  «r»  •- 

•  •  •  •  • 

«»  in  »  m 

f  900)  » 


*  O  O  *■  '*»  rf'  ®  • 


o  «n  O  o  O  «n 

•  •  t  •  «  • 

o^ooo  «■» 


^  *  8  O  O  •  W 

onjtonmo 

»  0  fN  rn 


*• 

•  ii*  * 

U1  fN  f*  iTt 

i*1  ^  O  0  o 


r*  »  ®  0  ©  ©  cn 

i  «  •  i  i  i  «  • 

®  n  ®  p-  tn  ®  r*  o 

«n  ®  *m  •  »r>  »- 


m  m  in  m  M 

w  g  m  r  u 

g»<«u  •* 


h 

dqu« i «m  g 
M««u«gu  «« 


u  ••  ■*  t 


ALLOCATION  Of  HflO  BASFL1IE  P  BOG  AAR  COSTS 
PI  7b  CC  1ST  ANT  CCLlAKS  IN  RILIIONS 


A I  LOCATION  C  t  1179  BASU1KE  PBGGBAII  COSTS 
Pf 76  CC 1ST AIT  DOLlAfiS  II  BILLIOBS 


ALLOCATION  Of  M78  BASIL  I  MB  FBOGBAB  COSTS 

PI  76  CC 1ST  AMT  COLIAIS  IM  BILLIONS 


B 


®  O  ®  O 
Cj!  05  3  >P  O 


to  o  o  r* 


«N  i-»  9  ®  » 

OMno<n® 


m  n’l  ®  CC 

®  *-  fH  ^ 
O  ■£>  ®  CN 


C7»  9  C*>  ® 

nn  *•  tN 
fN  IN 


o  «n  o  o  o  u"> 

©  •-  o  o  o  •" 


O  ®  r*  r» 


r»  o  o  ®  o  «/^ 
w  o  o  ©  o  r*  a 


pH  o  o  ®  ©  * 

o  ©  ©  *-  ^  * 


5  O  O  O'  ©  ©  pH 


m  ^  r*  ^  ©  ©  ^  r* 


pip  p*«p'pi 
’  *  o  *>  r»  m  w  © 

V  hO  <N  ®  V 


■  ■  w  ®  #p 

wuifl*  U 

u  r>  ■»  w  fH 


ruNin 


hT  »• 
O  O  O 

►  *  »« 


F-3 


•  ILOCtTloa  Cf  1177  IlSfLIlE  PIOGI6B  COS1S 
PI  76  CCIS1II1  BOllllS  II  IIIIIOIS 


APPENDIX  F 


DETAILED  ALLOCATIONS  OF  FAA  PROGRAM  COSTS 


ALL  AIR  CARRIER 


FIGURE  E  7 

ALLOCATION  OF  COST  RESPONSIBILITIES  BETWEEN  AIR  CARRIER  AND  MILITARY 


TABLE  E-l 
(Concluded) 


Automation 

Automated  Weather  System  (AV-AWOS) 

4.  Navaids  and  Landing  Systems  F&E 
(See  Figure  E-6) 

5.  Other  F&E 

a.  Housing  and  Utilities 
Housing 

DSHA  and  EPA  Ramps 
Maintenance  of  Working  Equipment 
Replacement,  Modification  and  Improvement 
Solar  Power 

b.  Aircraft  Replacement  and  Modernization 

c.  Miscellaneous 
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APPENDIX  G 


GLOSSARY 


A.C./ 

AC 

AIE  CARRIER 

A-F/ 

AF/  AEFT 

AlfiFCfil 

A  AT 

FAA  AIE  TEAFFIC  SIEVICE 

AEAP 

AIBPCB1  DEVELOPMENT  AID  FECGRAM 

ADM/ 

ADHIN 

AD HI  VIST BATICN 

AEV 

ADVISOFI 

AFTN 

AERONAUTICAL  FIXE!  1EIECCHMUNJCAZICN5  NFTNCRK 

AOPA 

AIRCRAFT  0HNFE5  AND  FIICIS  ASSCCIATICN 

AfiSR 

AIB  FCDTE  SURVEILLANCE  RADAR 

ARTCC 

AIR  ROUTE  TRAFFIC  CCNTECL  CENTER 

APTS 

AOTCHATED  RADAR  TEAFFIC  CCNTRCI  SISTEH 

ASC 

ADMINISTRATIVE  SCIENCES  CCRFCFATICN 

ASS 

A2EFCRT  SURVEILLANCE  RADAR 

ATC 

AIR  TEAFFIC  CCNTRCI 

AVP 

FAA  OFFICE  OF  AVIATICN  PCLICI 

C-AP 

CAPITOL  AIRPORTS 

CAB 

CIVIL  AERONAUTICS  FCARD  (SEE  ALSO  1RACAE) 

CAP 

CAFITCL 

CENT 

CENTRALIZED 

CONUS 

CONTINENTAL  ONIIED  STATES 

CSC 

COMPUTER  SCIENCES  CCRFCBATICN 

CTE 

CENTER  ( EN  ROUTE) 

DC  A 

HASHINGTON  NAIICNAI  AIEPCRT 

DCS 

DATA  COMMUNICATIONS  SISTEH 

DEV 

DEVELOPMENT 

DIE 

DIRECTION 

DUE 

DISTANCE  MEASURING  EQUIPMENT 

DOD 

DEPARTMENT  OF  DEFENSE 

DOT 

DEPARTMENT  OF  1BAHSFOBIAIICN 

EGD 

ENGINEERING  AND  DE VELCFRENT 

r  si/ 

ELI  STDS 

FLIGHT  STANDARDS 

F6E 

FACILITIES  AND  EQUIPMENT 

F  ,  EG  D 

FACILITIES,  ENGINEERING  AND  DEVELOPMENT 

FAA 

FEDERAL  AVIATION  ADMINISTRATION 

FAC 

FACIIITI 

FBEQ 

FBEQOENCI 

FSS 

FLIGHT  SERVICE  STATIONS 

FI 

FISCAL  1EAB 

G.A./ 

GA 

GEIEBAI  AVIATICN 

GAMA 

GENERAL  AVIATION  MANUFACTURERS  ASSOCIATION 

APPENDIX  G 


GLOSSARY  (contd. ) 


GOVT  GOVERNMENT 

GRANTS  Gfi AN1S-IN- AID 

ISM/  ID  S  HAT  INSTALLATION  AMD  MA1EBIAI 
I AC  DOLLES  INTERNATIONAL  AIRECRT 

IFF  INSTRUMENT  PLIGHT  FCLES 

ILS  INSTBUBENT  LANCING  SYSTEM 

JFK  JCHN  E.  KENNECY  INTERNATIONAL  AIRECRT 


LRIC  LCNG  RUN  INCREMENTAL  COST 

LRMC  LCNG  RUN  MARGINAL  CCST 

HAINT  MAINTENANCE 

MDH  CHICAGO  MIEN AY  AIRECRT 

MED  MEDICAL  (PROGRAMS) 

MIL  MILITARY 

MSL  MEAN  SEA  LEVEL 

NAFEC  NATIONAL  AVIATION  FACILITIES  EXPERIMENTAL  CENTER 

NAS  NATIONAL  AIRSPACE  SYSTEM 

NASA  NATIONAL  AERONAUTICS  ANC  SPACE  ADMINISTRATION 

NASP  NATIONAL  AVIATION  SISTER  PIAN 

NATL/  NTI  NATIONAL 

NAVAIDS  NAVIGATION  AICS 

NBAA  NATIONAL  BUSINESS  AIRCBAFT  ASSOCIATION 

NOAA  NATIONAL  OCEANIC  ABC  ATMOSPHERIC  ADMINISTRATION 

NNS  NATIONAL  NEATHER  SERVICE 


OSH  OPERATIONS  AND  MAINTENANCE 

OPS  OPERATIONS 

ORD  CHICAGO  O'HARE  INI ER NATIONAL  AIRPORT 

OST  OFFICE  OF  IHE  SECRETARY  OF  TRANSPORT ATICN 

PATRAS  PHOT'S  AUTOMATIC  TELEPHONE  HEATHER 

ANSWERING  SERVICE 

PGP  AIRPORT  PLANNING  GRANT  PROGRAM 


RSC  RESEARCH  AND  DEVELOPMENT 

RSH  RELOCATION  ANC  HOCIFICATICN 

R,  ESC  RESEARCH,  ENGINEERING  AND  DEVELOPMENT 

RCAG  REMOTE  COMMUNICATIONS,  AIR  TC  GROUND 

RCS  RADIC  COMMUNICATIONS  SYSTEM 

RTR  REMOTE  TRANSMITIEE/BECEIVER 

S. E.E.  STANDARD  ESTIMATE  CE  ERROR 


G-2 


APPENDIX  C 


S6S 

SRMC 

SUP 

TACAN 

TCS 

TB 

TRACAB 

TfiACON 

TEN 

TSEB 

THE 

U.S. 

UG3RD 

DHF 

ORICOfl 

vcs 

?FR 

VHF 

VOB 

VOBTAC 


GLOSSARY  (conclmJgj^ 


STAFF  k»L  SUPPORT 

SHCBT  FUN  BARGINAI  COSTS 

SUPPORT 

TACTICAI  AIR  NAVIGATION  AID 
TECHNICAL  CONTROL  SERVICE 
TRAFFIC 

TERMINAL  RADAR  CONTROL  FACILITY  CCLOCATED 
RUB  A  CONTROL  TCRIB 
TERMINAL  RADAR  CCNTROL  FACILITY 
TRAINING 

TRANSCRIBED  NEATHER  BROADCASTS 
TONER  (TERMINAL) 

UNITED  STATES 
UPGRADED  THIRD  GENERATION 
ULTRA  HIGH  FREQUENCY 
AERONAUTICAL  ICVISCEY  STATION 

VOICE  COHHUNICATICNS  SYSTEM 
VISUAL  FLIGHT  RULES 
VERY  HIGH  FREQUENCY 
VHP  OMNI-RANGE  (NAVIGATION  AID) 

COLCCATED  VOB  AND  TACAN 
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